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(57) ABSTRACT

A turbine rotor blade with a showerhead arrangement of film
cooling air for cooling the leading edge of the airfoil, where
the film cooling holes each includes a tear drop shaped open-
ing that extends 1n a radial direction of the airfoil from the film
hole breakout and functions to spread out the film layer of
cooling air that 1s ejected from the holes so that a hot streak
between holes along the pressure side row and the suction
side row of film holes does not occur. The tear drop shaped
opening have a shallow depth and include a divider wall
extend down the middle to divide the opening.

7 Claims, 3 Drawing Sheets
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TURBINE BLADE WITH SHOWERHEAD
FILM COOLING HOLES

GOVERNMENT LICENSE RIGHTS

None.

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
w

None.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a gas turbine
engine, and more specifically to turbine blade exposed to high
temperature.

2. Description of the Related Art Including Information
Disclosed Under 37 CFR 1.97 and 1.98

A gas turbine engine includes a turbine section with mul-
tiple rows or stages of stator vanes and rotor blades that
interact or react with a high temperature gas tflow to create
mechanical power. In an industrial gas turbine (IGT) engine,
the turbine rotor blades drive the compressor and an electric
generator to generate electrical power.

The efficiency of the engine can be increased by passing a
higher temperature gas flow through the turbine. However,
the turbine inlet temperature 1s limited to the vane and blade
(airfoils) material properties and the cooling capabilities of
these airfoils. The first stage airfoils are exposed to the highest
temperature gas flow since these airfoils are located immedi-
ately downstream from the combustor. The temperature of the
gas tlow passing through the turbine progressively decreases
as the rotor blade stages extract energy from the gas tlow.

The leading edge of the vane and blade airfoils 1s exposed
to the highest temperature gas flow. It 1s the leading edge
region that requires the most cooling capabaility. In the prior
art, various arrangements of film, cooling holes are used on
the leading edge region to produce a layer of cooling air that
flows over the leading edge surface to protect the metal sur-
face form too much exposure to the high temperature hot gas
flow. FIGS. 1 and 2 show a prior art showerhead arrangement
of film cooling holes for the leading edge of the airfoil. The
showerhead includes a film hole located at a stagnation point
11 along the leading edge, which 1s the location where the hot
gas flow directly hits the airfoil. This 1s the location of the
highest heat load on the leading edge. To each side are a
pressure side film hole 12 and a suction side film hole 13
located just downstream from the stagnation point film hole
11. A fourth 14 and fifth 15 film hole 1s also used and 1s
referred to as gill holes. A pressure side gill hole 14 and a
suction side gill hole 15 are both located downstream from the
pressure and suction side film holes 12 and 13. Cooling air for
the showerhead film holes 11-13 and gill holes 14 and 15 are
supplied from an impingement cavity 16 in which the cooling
air 1s metered through metering and impingement holes 17
from a serpentine tlow circuit channel 18 located adjacent to
the impingement cavity.

FI1G. 3 shows a cross section side view of the film holes of
the prior art FIG. 1 design. The film holes 11-13 are at an
inline pattern and inclined at 20 to 35 degrees toward the
blade tip relative to the blade leading edge radial surface 20.
Fundamental shortfalls associated with this showerhead
design are the over-lapping of film ejection flow in a rota-
tional environment when used on the rotor blades. FIG. 4
shows this film ejection flow discharge in which the film
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cooling air from the stagnation location hole over-laps with
the film cooling air ejected from the pressure side and the
suction side film holes. Thus, the space 21 between adjacent
pressure side and suction side film holes 1s left uncovered by
film layer which 1s referred to as the hot streak problem.

BRIEF SUMMARY OF THE INVENTION

It 1s an object of the present mvention to provide for a
turbine rotor blade with a showerhead arrangement 1n which
the over-lapping issue, create hot spot problem in-between
film holes, of the cited prior art 1s significantly reduced or
climinated.

It 1s another object of the present invention to provide for a
turbine rotor blade with a showerhead arrangement with a
leading edge having a lower metal temperature than the cited
prior art rotor blade.

It 1s another object of the present invention to provide for a
turbine rotor blade with a showerhead arrangement with a
higher film layer effectiveness than the cited prior art rotor
blade.

The turbine rotor blade of the present invention includes
film cooling holes that include a tear drop shaped flow
spreader with a diverter at the film hole exit for all of the
showerhead film hole rows 1n the spanwise direction of the
blade. With the tear drop shaped exit with divider, as the
cooling air exits from the blade leading edge showerhead
holes, the cooling air will be highly ejected in the radial
direction. A portion of the cooling air will migrate into the
tear drop flow spreader and then be discharged onto the blade
surface to provide additional film cooling layers. As aresult of
this film cooling holes geometry, the film cooling flow 1n the
tear drop shaped spreader 1s retained longer and thus
increases the showerhead region surtace film coverage. This
climinates the hot streak problem in-between film holes and
yields a uniform film layer for the blade leading edge region.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 shows a cross section top view of a showerhead
arrangement of {ilm holes for a prior art turbine blade.

FIG. 2 shows a cross section top view of the prior art
turbine blade with the showerhead arrangement of FIG. 1.

FIG. 3 shows a cross section side view of the prior art
turbine blade through line A-A 1n FIG. 1.

FIG. 4 shows a front view of the showerhead arrangement
of film holes with the film layer coverage of the prior art blade
of FIG. 2.

FIG. 5§ shows a cross section top view of the showerhead
arrangement of the present invention.

FIG. 6 shows a cross section side view of one of the film
holes of the present invention 1n FIG. 5.

FIG. 7 shows a front view of the showerhead arrangement
of film holes of the present invention with the film coverage.

FIG. 8 shows a detailed front view of the film hole of the
present 1nvention.

DETAILED DESCRIPTION OF THE INVENTION

The turbine rotor blade of the prior art in FIG. 2 can be
adapted for use with the film cooling holes of the present
invention. The film cooling holes of the present invention can
be use on any rotor blade for cooling of the leading edge
region. FIG. 5 shows the showerhead arrangement of the
present invention with a stagnation point film hole 31, a
pressure side film hole 32 and a suction side film hole 33. Gull
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holes 34 and 35 are also used on the pressure side and the
suction side walls downstream from the showerhead film
holes. The cooling air supply channel 18 supplies cooling air
to the metering hole 17 which applies impingement cooling to
the backside surface of the leading edge, and then discharges
the spent impingement cooling air as film layers out through
the showerhead film holes 31-33 and the gills holes 34 and 35.

The film cooling holes 31-33 include a tear drop shaped
opening 36 on the downstream side of the film hole opening
as seen 1 FIG. 6. FIG. 8 shows a detailed front view of the
film cooling hole with the supply hole 31 having a breakout
opening nto the tear drop shaped opening 36 which has a
shallow death of about one half the diameter of the hole 31 (as
seen 1n FIG. 6) and extends in the radial outward direction
with a slightly wider downstream end than the upstream end
that 1s connected to the hole 31. The tear drop shaped opening
36 1s separated into two sides by a divider wall 37. The tear
drop shaped opening functions as a spreader for the cooling
air ejecting from the hole 31-33. The film holes that open 1nto
the tear drop shaped opening are referred to as the hole brea-
kout.

As the cooling air 1s ejected from the hole 31, the cooling
air 15 highly ejected 1n a radial direction of the airfoil. A
portion of the cooling air will thus migrate into the teat drop
shaped opening—which functions as a tlow spreader—and
then discharges the cooling air onto the leading edge surtace
to provide additional layer of film cooling air. As a result of
this tear drop shaped opening, the film cooling layer dis-
charged from the hole will retain the film layer flow longer
than in the above prior art film hole and therefore increase the
showerhead region surface film coverage. FIG. 7 shows the
film coverage of the showerhead film cooling holes with the
tear drop shaped opening. The prior art hot streaks that occur
in the prior art—the space formed between film holes 1n the
pressure side row or the suction side row—is covered with a
f1lm layer discharged from the stagnation point {ilm holes 31
ol the present invention. This extra film layer coverage will
climinate the hot streak 1ssue between film holes 1n the row of
the prior art and yield a uniform film layer for the blade
leading edge region.

I claim the following:

1. An air cooled turbine rotor blade comprising:

an airfoil having a leading edge with a pressure side wall

and suction side wall extending from the leading edge;
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an 1mpingement cavity formed along the leading edge
region;

a cooling air supply channel located adjacent to the leading
edge impingement cavity and connected to the leading
edge impingement cavity by at least one metering hole;

a showerhead arrangement of film cooling holes connected
to the impingement cavity; and,

the film cooling holes located along the stagnation point
cach having a tear drop shaped opening on the down-
stream side of the film hole to spread the film layer of
cooling air ejected from the film hole.

2. The air cooled turbine rotor blade of claim 1, and further

comprising:

the tear drop shaped opening has a depth of around one half
the diameter of the film hole leading into the tear drop
shaped opening.

3. The air cooled turbine rotor blade of claim 1, and further

comprising;

the tear drop shaped opening has a radial length of more
than the radial length of the film hole breakout 1nto the
tear drop shaped opening.

4. The air cooled turbine rotor blade of claim 1, and further

comprising;

the tear drop shaped opening includes a divider wall
located at around the mid-point of the tear drop shaped
opening.

5. The air cooled turbine rotor blade of claim 1, and further

comprising:

the tear drop shaped opening has an increasing width in the
downstream direction.

6. The air cooled turbine rotor blade of claim 1, and further

comprising;

the tear drop shaped opening of the stagnation point film
holes 1s shaped and located with respect to the pressure
side and suction side film holes so that no hot streak
ex1sts between holes 1n the pressure side and suction side
rows of {ilm holes.

7. The air cooled turbine rotor blade of claim 1, and further

comprising;

the pressure side and the suction side film cooling holes
also 1nclude a tear drop shaped opening that extends 1n
the radial direction of the airfoul.
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